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DESCRIPTION 
COATED CUTTING TOOL 



Technical Field 

The present invention relates to a coated cutting tool in which a hard 
coating layer having excellent wear resistance is formed. 

Background Art 

There have been attempts to improve fracture resistance and wear 
resistance of super hard aUoy cutting tools and lengthen the life of tools by 
depositing a coating layer of titanium carbide, titanium nitride, titanium 
carbonitride, aluminum oxide, or the like on the surface of a WC-group sintered 
hard alloy or cermet substrate. 

When cutting is carried out, particularly, when a workpiece which easily 
welds is cut by using these coated cutting tools, problems have frequently 
occurred in which the coating layer spalls away due to such welding and 
adhesion, and furthermore, fracturing of the substrate progresses, resulting in 
a decrease in the life of the tools. 

In order to solve these problems, Japanese Patent Nos. 2105396 and 
2825693 disclose a technique for suppressing welding and adhesion of a 
workpiece and enhancing wear resistance and toughness by improving siuface 
roughness by mechanically grinding the surface of the coating layer at the 
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blade-edge ridge of a cutting tool. 

However, these techniques are insufficient to suppress the shortening of 
the tool hfe due to the progress of wear accompanying layer spalling at the rake 
face side and layer chipping at the flank side particularly in the case of cutting 
a workpiece of ductile cast iron, stainless steel, Inconel, or the hke which easily 
welds and adheres. 

Furthermore, since the surface roughness of a workpiece deteriorates, 
the desired roughness of the machined svirface cannot be obtained in the case of 
finishing in which machining accuracy is required. 

. Recently, considering environmental problems, cutting without usiag a 
cutting oil (dry cutting) has become prevalent. However, in this case, due to loss 
of the lubricating effect of a cutting oil, welding and adhesion of a workpiece 
accelerates, and accordingly, decrease in the hfe and deterioration in roughness 
of machined surface have come into question. 

Therefore, the main object of the invention is to provide a coated cutting 
tool in which firacture resistance and wear resistance are simultaneously 
realized, tool life is improved, and surface roughness of machined workpiece is 
improved. 

Disclosure of Invention 

The inventors examined the above-mentioned problems, and found that 
the problems can be solved when a hard coating layer is formed such that it has 
smooth surfaces at the blade-edge ridge, a range of at least 200 m m from the 



rake face side boundary of the blade-edge ridge toward the rake face side, and a 
range of at least 50fim from the flank side boundary of the blade-edge ridge 
toward the flank side. 

That is, a coated cutting tool according to the invention is a coated 
5 cutting tool with a hard coating layer appHed on the substrate, wherein the 
substrate comprises a binder phase comprising one or more kinds of iron-group 
metals and a hard phase comprising one or more kinds of substances selected 
from the group consisting of carbides, nitrides, and oxides of the periodic table 
IVa-, Va-, and Vla-group elements, and soUd solutions thereof The hard 
10 coating layer comprises a smooth face having a surface roughness (Rmax) of 0.2 
umoT less (the reference length: 5um) substantially at the blade-edge ridge, a 
range of at least 200 jum from the rake face side boundary of the blade-edge 
ridge toward the rake face side, and a range of at least 50 ^ m from the flank 
side boundary of the blade-edge ridge toward the flank side. 
15 When cutting a workpiece of ductile cast iron, stainless steel, Inconel, or 

the hke, which easily welds and adheres, in a range of 200 m from the rake 
face side boundary of the blade-edge ridge toward the rake face side, chips weld 
and adhere to the coating layer, and when the adhered matter comes off, the 
coating layer also spalls, resulting in damage to the substrate. Also in a range 
20 of at least 50 m m from the flank side boundary of the same blade-edge ridge 
toward the flank side, chips weld and adhere due to micro-chipping of the 
coating layer and abnormal wearing progresses, or the surface unevenness of 
the coating layer and adhered matter on the surface are transferred onto the 



workpiece, resulting in deterioration in surface roughness of the machined 
workpiece. 

Therefore, the hard coating layer at the blade-edge ridge, a range of at 
least 200 A/ m from the rake face side boundary of the same blade-edge ridge 
5 toward the rake face side, and a range of at least 50 urn from the flank side 
boundary of the same blade-edge ridge toward the flank side is formed to be 
substantiaUy 0.2 tim or less in surface roughness (Rmax) (the reference length 
is set to 5 Mm), whereby such welding and adhesion of a workpiece and such 
transferring onto the workpiece are prevented. Thus, the tool hfe can be 
10 improved by increasing fracture resistance and wear resistance simultaneously, 
and the surface roughness of a machined workpiece can also be improved. 
Particularly, this effect is more remarkable in the case of dry cutting. It is 
desirable that the hard coating layer comprises one or more kinds of substances 
selected from the group consisting of carbides, carbonitrides, borides, and 
oxides of one or more kinds of metal elements selected from the periodic table 
IVa, Va, and Via groups, Al, and Si, and the soHd solutions thereof.. 

The surface of the hard coating layer having a substantially smooth 
surface roughness means that the surface does not necessarily have 
predetermined surface roughness in the whole of the above-mentioned defined 
ranges, but in an area ratio of approximately 50% or more of the whole defined 
ranges. 

If the invention is appUed to a non-groxmd type tool in which the flank of 
the substrate has an as-siiitered surface, the effect of the present invention is 
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more remarkable. Recently, for reducing manxifacturing costs, non-grotmd type 
tools have widely diffused, in which the tool flank side has an as-sintered 
surface. In this case, tool surface unevenness may be transferred onto a 
workpiece, or welding and adhesion occur, resulting in abnormal wear and 
deterioration ia surface roughness of the workpiece, AppHcation of the present 
invention to such case therefore produces more remarkable effects. 

The range of the smooth surfaces is set to be a range in which crater 
friction and adhesion occur due to friction with chips in the section from the 
blade-edge ridge toward the rake face side. The range of at least 200 ii m from 
the rake face side boundary of the blade-edge ridge toward the rake face side 
must always be a smooth formation, however, depending on the workpiece and 
cutting conditions, it is further desirable that a range of 500 /z m from the rake 

face side boundary of the blade-edge ridge toward the rake face is a smooth 
formation. 

At the flank side, the range for a smooth formation is set to a range in 
which chips due to micro-chipping of the coating layer may weld, adhere, and 
cause abnormal wear to progress, or surface unevenness or adhered matter on 
the surface of the coating layer may be transferred onto a workpiece and cause 
the surface roughness of the machined workpiece to deteriorate. A range of at 
least 50 /z m from the flank side boundary of the blade-edge ridge toward the 
flank side must always be a smooth formation. It is more desirable that this 
range be expanded to a range of 200 m m from the flank side boimdary of the 
blade-edge ridge toward the flank side. 
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The setting of a smooth surface roughness (Rmax) to 0.2 /z m or less (the 
reference length is set to 5 /x m) is required because desired effects cannot be 
obtained if the surface roughness exceeds 0.2 m m. It is more preferable that a 
surface roughness be smaller than this. 

As a method for measuring the surface roughness, the section of the 
hard coating layer may be observed by means of a scaiming electron microscope 
photograph. The hard phase particles of siatered hard alloys and cermet are 
generally in a range of 3-5 ul m, and the particles project and form an 
undulation with a height of 2-3 and a width of 5-7 /xm. Therefore, the 
reference length is set to 5 ju ni to specify the surface roughness, eliminating 
influences from such undidation. 

The hard coating layer may be a single layer or a lamination layer. In 
the case of a lammation layer, it is desirable that the layer comprises an inner 
layer comprising at least one or more layers of TL (CwBxNyOz) (herein, 
w+x+y+z=l, w,x,y,z>0), a middle layer composed of an aluminum oxide layer, 
and an outer layer made from TiCxNyO^.^.y or ZrCxNyOi.^.y (0<x,y, x+y<l). 

The inner layer comprises one or more layers of Ti (CwBxNyOz) (herein, 
w+x+y+z=l, w,x,y,z>0) which is high in hardness and abrasion resistance, by 
which high wear resistance can be obtained. Particularly, in a case where 
titanium carbonitride having a film thickness of 2-20 m m and a columnar 
crystal structure is disposed in the inner layer, wear resistance and chipping 
resistance can be simultaneously realized, and damage from the aluminum 
oxide of the outer layer can be prevented ia intermittent cutting or cuttiag for 
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mac hinin g parts. In addition, high wear resistance can be obtained while 
preventing destruction of the film of the inner layer, by which tool performance 
can be significantly improved. If the film thickness of titanium carbonitride is 
less than 2 // m, wear resistance is insufficient, and if the thickness exceeds 20 
/z m, the strength of the coating layer decreases. 

Furthermore, when an innermost layer contacting with the substrate 
comprises a titanium nitride film of 0.2-3 /z m in thickness having a granular 
structure, tool performance can be further improved by improving the adhesive 
force between the inner layer and the substrate. If this film thickness is less 
than 0.2 ju m, the effect for improving adhesive force of the film is insufficient, 
and if the thickness exceeds 3 jtx ni, wear resistance lowers. 

The abovementioned effects increase if the smooth surfaces comprises 
substantially aluminum oxide. This is because aluminum oxide is chemically 
stable in comparison with Ti (CwBxNyOz), and is low in properties of welding 
and adhesion to a workpiece and high in resistance against oxidative wear and 
diffusion wear. Furthermore, the effects of the aUoy according to the invention 
increase when the aluminum oxide layer has an alpha crystal structure. Alpha 
aluminum oxide has a high-temperature stable type crystal structure, and is 
high in strength and heat resistance and effective as a coating film at the 
outermost layer directly contacted by a workpiece. The film thickness of 
aluminum oxide is preferably 0.5 through 15 /z m. If the film thickness is less 
than 0.5 ju m, the effect of aluminum oxide cannot be obtained, and if the film 
thickness exceeds 15 /x m, the strength of the coating layer decreases. 
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Aluminum oxide is generally black or brown, so that if aluminum oxide 
is applied to the whole surface of the outermost layer of the coating layer, it 
becomes difficult to distinguish used comers at the cutting site. In order to 
solve such a problem, it is preferable that the range in which aluminum oxide is 
exposed is limited so that aluminum oxide is locally set to be an outermost 
layer. That is, it is effective to apply TiN and ZrN in gold or TiCN and ZrCN in 
pink or orange on aluminum oxide as distinctive layers. The ranges for forming 
an aluminum oxide layer to be an outermost layer are desirably a range of 2000 
/z m or less from the rake face side boundary of the blade-edge ridge toward the 
rake face side, and a range of 400 /z m or less from the flank side boimdary of 
the blade-edge ridge toward the flank side. If they exceed these ranges, it 
becomes difficult to distiaguish used comers. It is preferable that distinctive 
layers are provided at portions other than these ranges. 

Grinding by using a buff, bmsh, barrel, elastic grindstone or the like is 
preferable as a method for controlling the surface roughness of the surface of 
the hard coating layer to achieve a predetermined surface roughness. In 
addition, surface reforming by means of microblasting and ion-beam radiation 
may also be apphed. 

As for the method for forming a hard coating layer, physical vapor 
deposition (PVD) and chemical vapor deposition (CVD), which are generally 
known, can be used. likewise, generally known deposition conditions of 
temperatxire and pressure can be employed. 




Brief Description of the Drawings 

Figure 1 is a partial sectional view of a tool of the invention to which 
round honing is appHed; and 

Figure 2 is a partial sectional view of the tool of the invention to which 
chamfer-honing is apphed. 



Best Mode for Carrying Out the Invention 

Hereinafter, an embodiment of the invention is explained. 
A tool according to the invention is explained in detail with reference to 
Figure 1 and Figure 2. Both figures are sectional views showing the vicinity of 
the blade-e(^e ridge of the tool. Hard coating layer 2 is formed on substrate 1 
comprising a hard sintered aUoy or cermet. 

The face extending horizontally from a blade- edge ridge 3 is smooth 
surface 4 at the rake face side, and the face extending vertically firom the 
blade-edge ridge 3 is smooth surface 5 at the flank side. In the tool of the 
present invention, the surface roughness of the hard coating layer 2 is - 
controlled in the ranges of the blade-edge ridge 3, smooth surface 4 at the rake - 
face side, and smooth surface 5 at the flank side. The boundary between the 
blade-edge ridge 3 and the smooth surface 4 of the rake face side is rake face - 
side boundary 6 of the blade-edge ridge, and the boundary between the blade- 
edge ridge 3 and the smooth surface 5 of the flank side is flank side boimdary 7 
of the blade-edge ridge. 

The blade-edge ridge 3 includes an edge-honing portion for preventing 
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blade-edge chipping. Roimd-honing (Fig. 1) and chamfer-honing (Fig. 2) may be 
employed as edge-honing. 

In Figure 1 and Figure 2, the hard coating layer includes a two-layered 
portion and a three-layered portion, and for example, the two-layered portion is 
constructed so as to have an outer layer formed from aluminum oxide, and the 
three-layered portion is constructed so as to have an outer layer formed from 
TiN as a distinctive layer. The two-layered portion is formed by partially 
eliminating the third layer by means of grinding. 

(Experimental example 1) 

Cutting tips with a form of model No. SNMG120408 were manufactured 
from a sintered hard alloy with a composition of 87%WC-2%TiCN-3%TaNbC- 
8%Co (%: % by weight). Next, the whole of the cutting blade portion was 
subjected to honing at a width of 0.05mm viewed from the rake face side as 
edge machining to form a substrate. The flank of this substrate has an as- 
sintered surface. 

This substrate surface was coated with TiN (0.5 ii m), TiCN (10 p, m), a 
-AI2O3 (3 M m), and TiN (1.0 /x m) by means of normal CVD. Next, at the blade- 
edge ridge and the rake face side and flank side from the same ridge, grinding 
and lapping were applied by using artificial brushes with four hardnesses, and 
then surface roughness (Rmax) with respect to the reference length of 5 /x m 

was measured from a scanning electron microscope photograph of the cross- 
section of the tips. The results of the measxirement are shown in Table I. 
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TiN (1.0 izm) is at the outermost layer in the above-mentioned film 
structtire. However, since grinding was applied at the blade-edge ridge and the 
rake face side and flank side &om the same ridge, another layer can be exposed 
as an outermost layer in some tip samples. According to the invention, the 
5 whole TiCN is made of columnar crystals, and the whole TiN is made of 
granxdar crystals. These are found to be similar in other experimental 
examples described later. 

By using the cutting tip samples thus manufactured, the wear 
resistance and the surface rou^ness of machined workpieces were evaluated 
10 under the foUowing conditions. The results of evaluation are also shown in 
Table I. 

(Cutting conditions) 
Workpiece: SCM415 
Cutting rate: 200m/min 
15 Depth of cut: 0.5mm 
Feed: 0.25mm/rev 
Cutting period: 30min 
Cutting oil: dry cutting 
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As shown in Table I, it is understood that the wear resistance and the 
surface roughness of the machined are significantly improved when the hard 
coating layer at the blade-edge ri(j^e, a range of 200 /z m from the rake face side 
boundary of the same ridge toward the rake face side, and a range of 50 m m 
5 from the flank side boundary of the same ridge toward the flank side is set to be 
Rmax<0.2 ii m with respect to the reference length. Particularly, the larger the 
smooth surface of the hard coating layer, the greater the effect. It can be 
understood that aluminum oxide is more preferably used for the outermost 
layer of the hard coating layer. 

10 

(Experimental example 2) 

Cutting tips with a form of model No. CNMG120408 were manufactured 
from a sintered hard alloy with a composition of 88%WC-3%ZrCN-4%TaNbC- 
5%Co (%: % by weight). Next, for e(fee machining to prepare substrates, the 
15 whole of the cutting blade portion was subjected to honing in a width of 
0.05mm viewed from the rake face side. The flank of this substrate is a sintered 
surface. 

Cutting tip samples were manufactured by coating the surface of these 
substrates with TiN, TiC, TiCN, ZrCN, AlgOg, and others by means of normal 
20 chemical vapor deposition (CVD). Next, the blade-edge ridge and the rake face 
side and flank side from the same ridge were subjected to grinding and lapping 
by using an elastic grindstone, and then the surface roughness (Rmax) with 
respect to a reference length of 5 m m was measxired from a scanning electron 



14 



microscope photograph of the cross-section of the tips. The results of the 
measurement are shown in Table n. 

By using the cutting tip samples thus manufactured, cutting was 
carried out under the following conditions and the wear resistance and the 
5 surface roughness of the machined workpieces were evaluated. The results of 
evaluation are also shown in Table n. 

(Cutting conditions) 
Workpiece: FCD700 
10 Cutting rate: 200m/min 
Depth of cut: 0.5mm 
Feed: 0.2mm/rev 
Cutting period: 20 min 
Cutting oil: Water-soluble 
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Analyzing Table U, when the base TiN layer is less than 0.2 m m in 
thickness (No. 2-6), the film adhesive force decreases and film spalhng occurs, 
and when the layer is more than 3 m ni in thickness (No. 2-7), wear resistance 
shghtly decreases. In the former case, it is understood that the surface 
5 roughness of the machined worljpiece deteriorates. 

When the TiCN layer is more than 20 // m in thickness (No. 2-8) or when 
the AI2O3 layer is more than 15/xm in thickness (No. 2-10), micro-chippiog 
occurs, and the surface roughness of the machined workpiece deteriorates 
sUghtly. On the other hand, it is understood that wear resistance decreases 
10 shghtly when the thickness of the AI2O3 layer is less than 0.5 m m (No. 2-9). 



(Experimental example 3) 

Cutting tips with a form of model No. SDKN1203 were manufactured 
from a sintered hard alloy with a composition of 81%WC-5%TiCN-4%TaNbC- 

15 10%Co (%: % by weight). Next, for edge machining to prepare substrates, the 
whole of the cutting blade portion was subjected to chamfer-honing in a width 
of 0.10mm viewed from the rake face side. The surface of the substrates 
partially includes an as-sintered surface and a ground surface. 

Cutting tip samples were manufactured by coating the surface of the 

20 substrates with TiN, TiC, TiCN, TLAIN, AI2O3, and others by normal chemical 
vapor deposition (CVD) and physical vapor deposition (PVD)(herein, arc ion 
plating). Next, at the blade-edge ridge, rake face side and flank side, grindlag 
and lapping were apphed by using a brush, and then the surface roughness 
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(Rmax) with respect to the reference length of 5 /i m was measured from a 
scanning electron microscope photograph of the cross-section of the tips. The 
results of the measurement are shown in Tahle m. 

By using the cutting tip samples thus manufactvired, milling was 
5 carried out under the following conditions, and then the wear resistance and 
the surface roughness of the machined workpieces were evaluated. The results 
of evaluation are also shown in Tahle ni- 
(Cutting conditions) 
Cutter: FPG4160R 
10 Workpiece: SCM435 

Cutting rate: 250m/min 
Depth of cut: 0.8mm 
Feed: 0.25mm/blade 
Cutting period: 30 min 
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From Table HI, it is understood that the cutting tool of the invention is 
excellent in wear resistance and machined surface quality even in the case of 
steel mining. 

5 (Experimental example 4) 

Cutting tips with a form of model No. CNMG120408 were manufactured 
from a cermet aUoy with a composition of 12%WC-65%TiCN-6%TaNbC- 
3%M02C-7%Co-7%Ni (%: % by weight). Then, for edge machining to prepare 
substrates, the whole of the cutting blade portion was subjected to honing in a 

10 width of 0.06mm viewed from the rake face side. The flank of the substrates 
has an as-sintered surface. 

Cutting tip samples were manufactured by coating the surface of the 
substrates with TiN, TiC, TiCN, TiAlN, AI2O3, and others by normal chemical 
vapor deposition (CVD) and physical vapor deposition (PVD)(herein, arc ion 

15 plating). Next, at the blade-edge ridge, rake face side, and flank side, grinding 
and lapping were applied by using an elastic grindstone, and then surface 
roughness (Rmax) with respect to the reference length of 5 /i m was measured 
from a scanning electron microscope photograph of the cross-section of the tips. 
The results of the measurement are shown in Table IV. 

20 By using the cutting tip samples thus manxifactured, cutting was 

carried out under the following conditions, and the wear resistance and the 
surface roughness of the machined workpieces were evaluated. The results of 
the evaluation are also shown in Table IV. 



(Cutting conditions) 
Workpiece: SCM415 
Cutting rate: 300m/min 
Depth of cut: O.Smm 
Feed: 0.25mm/rev 
Cutting period: 15 min 
Cutting oil: dry cutting 
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As can be seen in Table IV, the cutting tool of the invention using 
cermet for the substrate is also excellent in wear resistance and machined 
surface quaUty in the case of finish machining for steel. 

Industrial AppUcability 

As described above, with the coated cutting tool of the invention, 
adherence of a workpiece due to welding hardly occurs when cutting, hence 
fracture resistance and wear resistance simultaneously can be achieved, and 
the tool life can be improved. Particularly, these effects are remarkable in the 
case of dry cutting. Furthermore, excellent surface quahty of a machined 
workpiece also achieved, and this is suitable for high-accurate machining. 



